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(57) ABSTRACT 

Provided is an apparatus having a variable capacitor circuit 
Which is capable of obtaining a constant gain With respect to 
a Whole control voltage by using a linear variable frequency 
characteristic for a variation of the control voltages, to 
thereby attain a Wide variable frequency range. For this, a 
variable capacitor circuit includes a plurality of variable 
capacitors being connected in parallel With each other and 
having different capacitances With respect to an input control 
voltage, Wherein the sum of the variable capacitances of the 
plurality of variable capacitors at a same voltage level of the 
control voltage varied Within the Whole control voltage range 
has linearity. 

9 Claims, 3 Drawing Sheets 
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FIG. 1 
(RELATED ART) 
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FIG. 3 
(RELATED ART) 
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VARIABLE CAPACITOR CIRCUIT HAVING 
LINEAR CAPACITANCE VARIATION AND 
VOLTAGE CONTROLLED OSCILLATOR 

USING THE SAME 

FIELD OF THE INVENTION 

The present invention relates to a semiconductor design 
technique; and, more particularly, to a variable capacitor cir 
cuit and a voltage controlled oscillator using the same for 
varying an oscillation frequency by controlling a capacitance 
With respect to an input voltage. 

DESCRIPTION OF RELATED ART 

With the sharp increase of the demand for an industrial 
communication netWork and an emergency communication 
netWork and the abrupt spread of a mobile communication 
service in recent years, the development of various mobile 
communication systems such as next-generation paging, 
digital cellular and Personal Communication Service (PCS) 
has been accelerated. 

In a mobile communication terminal, aVCO for generating 
a transmitting/receiving frequency for a carrier is a very 
important core device. An output level, phase noise and har 
monic characteristic of a signal generated by the VCO 
directly determine system sensitivity and operating charac 
teristics. This VCO has been steadily improved in siZe and 
characteristic. 

In general, the VCO is a circuit for generating an output 
signal having a certain frequency With respect to a control 
voltage, and includes an LC resonant circuit composed of an 
inductor and a capacitor and an oscillation circuit having an 
active device for compensating for energy loss occurred in an 
abnormal LC resonant circuit. 

FIG. 1 is a con?guration diagram provided to explain a 
con?guration and operation of a conventional VCO. 

Referring to FIG. 1, the conventional VCO includes an LC 
resonant circuit 10 composed of an inductor L and a variable 
capacitor Var (hereinafter, referred to as ‘varactor’), and an 
oscillation circuit 20 composed of an active device (not 
shoWn) such as a transistor. 
More speci?cally, the LC resonant circuit 10 includes the 

varactor Var connected in series betWeen a control voltage 
input terminal 1 to Which a control voltage Vc is inputted and 
the oscillation circuit 20, and the inductor L connected in 
parallel With the varactor Var betWeen a node to Which the 
oscillation circuit 20 and the varactorVar are connected and a 
ground voltage source. 
On the other hand, the control voltage Vc inputted to the 

control voltage input terminal 1 has a DC component. For 
example, When the VCO shoWn in FIG. 1 is used for a Phase 
Locked Loop (PLL), the control voltage Vc is supplied from 
a loop ?lter. In addition, When the VCO shoWn in FIG. 1 is 
applied to a mobile communication terminal, the inductor L is 
generally implemented by using a micro-strip line, instead of 
using a chip inductor, in order to stabiliZe a resonance char 
acteristic by improving Q (quality factor) on Which the reso 
nance characteristic depends. 

The operating characteristic of the conventional VCO 
depicted in FIG. 1 Will noW be explained. 

In the VCO shoWn in FIG. 1, a resonant frequency of the 
LC resonant circuit 10 is determined by a capacitance of the 
varactor Var and an inductance of the inductor L. If the capaci 
tance is varied by the capacitance control voltage Vc of the 
varactor Var according to an input voltage, the resonant fre 
quency is varied, and thus, an oscillation frequency oscillated 
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2 
by the oscillation circuit 20 is varied. As a result, the VCO 
operation in Which the oscillation frequency is varied by the 
control voltage Vc is performed. 
As described above, the varactorVar is the important factor 

of determining the oscillation frequency of the VCO. 
The varactor has been Widely used in a control circuit or an 

oscillator. For example, a radio frequency oscillator employs 
the varactor to adjust an oscillation frequency to a speci?c 
value. An oscillation frequency of an LC oscillator Which is 
one of the radio frequency oscillators is represented as: 

Eq. (1) 

Accordingly, the LC oscillator using the varactor can 
adjust the frequency by varying the capacitance C of the 
varactor, thereby making it possible to broadly control the 
frequency. 

This varactor is manufactured by a Complementary Metal 
Oxide Semiconductor (CMOS) manufacturing process, and 
uses a voltage dependent characteristic of a PN junction diode 
or a MOS capacitor. The varactor using the voltage dependent 
characteristic of the MOS capacitor is called a MOS varactor. 

Normally, the MOS varactor has a con?guration as shoWn 
in FIG. 2. As illustrated in FIG. 2, the MOS varactor is 
provided With tWo terminals of a silicon Well. This MOS 
varactor can vary an effective capacitance by changing a bias 
voltage applied to an N-Well, namely, a control voltage. 

FIG. 3 is a graph shoWing a characteristic of the MOS 
varactor depicted FIG. 2. The MOS varactor shoWs a capaci 
tance variation Within a certain control voltage range, as in 
FIG. 3. That is, the MOS varactor is nonlinear in a variation of 
the control voltage. A control voltage having a capacitance 
Ccen of an intermediate value (between a maximum value 
Cmax and a minimum value Cmin of the capacitance) exists 
around the middle of the variable control voltage range. 
Therefore, When the MOS varactor having such a character 
istic is used in an oscillator, a gain of the oscillator de?ned as 
a ratio of a frequency variation to a control voltage is remark 
ably varied Within the Whole control voltage range. Here, the 
gain of the oscillator is determined as folloWs: 

KVCOIAfVCO/A V Eq- (2) 

The oscillator is con?gured in a negative feedback loop of 
a PLL to output a precise frequency. In this con?guration, the 
gain variation of the VCO results in the characteristic varia 
tion of the Whole negative feedback loop. Namely, an output 
phase noise is varied by the gain variation of the Whole nega 
tive feedback loop. 
As mentioned above, in the conventional VCO having the 

varactor, the gain of the oscillator de?ned as the ratio of the 
frequency variation to the control voltage is considerably 
varied Within the Whole control voltage range. Accordingly, a 
Wide variable frequency range cannot be obtained and an 
output phase noise is greatly varied, thus making it impos 
sible to obtain a constant VCO operating characteristic. 

(DOIM/T 

SUMMARY OF THE INVENTION 

It is, therefore, a primary object of the present invention to 
provide an apparatus having a variable capacitor circuit 
Which is capable of obtaining a constant gain With respect to 
a Whole control voltage by using a linear variable frequency 
characteristic With respect to a variation of the control volt 
age, to thereby attain a Wide variable frequency range. 

In accordance With an embodiment of the present inven 
tion, there is provided a variable capacitor circuit, including: 
a plurality of variable capacitors being connected in parallel 
With each other and having different capacitances With 
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respect to an input control voltage, wherein the sum of the 
variable capacitances of the plurality of variable capacitors at 
a same voltage level of the control voltage varied Within the 
Whole control voltage range has linearity. 

In accordance With another embodiment of the present 
invention, there is provided a voltage controlled oscillator 
including: a plurality of variable capacitors being connected 
in parallel With each other and having different capacitances 
With respect to an input control voltage; and an inductor 
connected in parallel With the variable capacitor circuit, 
Wherein the sum of the variable capacitances of the plurality 
of variable capacitors at a same voltage level of the control 
voltage varied Within the Whole control voltage range has 
linearity. 

The other objectives and advantages of the invention Will 
be understood by the folloWing description and Will also be 
appreciated by the embodiments of the invention more 
clearly. Further, the objectives and advantages of the inven 
tion Will readily be seen that they can be realiZed by the means 
and its combination speci?ed in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the instant 
invention Will become apparent from the folloWing descrip 
tion of preferred embodiments taken in conjunction With the 
accompanying draWings, in Which: 

FIG. 1 is a circuit diagram illustrating a con?guration of a 
conventional VCO; 

FIG. 2 is a cross-sectional vieW illustrating a structure of a 
MOS varactor Which is one example of the varactor shoWn in 
FIG. 1; 

FIG. 3 is a graph shoWing a characteristic of the MOS 
varactor depicted in FIG. 2; 

FIG. 4 is a circuit diagram illustrating a con?guration of a 
VCO in accordance With a preferred embodiment of the 
present invention; and 

FIG. 5 is a graph shoWing an operating characteristic of the 
VCO provided in FIG. 4. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, a preferred embodiment of the present inven 
tion Will be set forth in detail With reference to the accompa 
nying draWings to the extent that a person skilled in the art can 
easily carry out the invention. Further, in the folloWing 
description, like reference numerals denote like elements 
throughout the speci?cation of the present invention. 

Embodiments 

FIG. 4 is a circuit diagram provided to explain a con?gu 
ration of a VCO in accordance With a preferred embodiment 
of the present invention. 

Referring to FIG. 4, the VCO of the present invention 
includes an LC resonant circuit 110 having an inductor L and 
a plurality of varactors Var-1, Var-2, Var-3, . . . , Var-n con 

nected in parallel With each other, and an oscillation circuit 
120 for amplifying a resonant frequency of the LC resonant 
circuit 110 to generate an oscillation frequency. 

The plurality of varactors Var-1, Var-2, Var-3, . . . ,Var-n are 
connected in parallel betWeen a control voltage input terminal 
111 and the oscillation circuit 120, and have different capaci 
tances With respect to a same control voltage Vc to have a 
linear variable frequency characteristic With respect to a 
variation of the control voltage Vc. 
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4 
NoW, the plurality of varactors Var-1, Var-2, Var-3, . . . , 

Var-n Will be explained in detail With reference to FIG. 5. 
As shoWn in FIG. 5, the plurality of varactors Var-1, Var-2, 

Var-3, . . . ,Var-n are manufactured to have different capaci 

tances With respect to the control voltage varied Within the 
Whole control voltage range of Vc-1 to Vc-n, thereby acquir 
ing a linear VCO frequency and a constant VCO gain. For 
this, as one example, each of the varactors Var-1, Var-2, Var 
3, . . . , Var-n is manufactured in a manner that the control 

voltage generating a capacitance of an intermediate value has 
a different voltage level Within the Whole control voltage 
range. For example, the varactors are manufactured in such a 
Way that the varactor Var-1 has the capacitance of the inter 
mediate value in the control voltage Vc-1, the varactor Var-2 
has the capacitance of the intermediate value in the control 
voltage Vc-2, the varactor Var-3 has the capacitance of the 
intermediate value in the control voltage Vc-3, and the var 
actor Var-n has the capacitance of the intermediate value in 
the control voltage Vc-n. Here, the levels of the control volt 
age should satisfy Vc-1<Vc-2<Vc-3< . . . <Vc-n. 

The VCO frequency shoWn in FIG. 5 Will be explained 
beloW in more detail in sections. 

t1 Section 
First, the control voltage in t1 section is denoted by Vc_t1. 

Then, it is assumed that the voltage relationship satis?es 
Vc-1<Vc_t1, and the variable capacitance of the varactor 
Var-1 linearly increases in the t1 section. In the t1 section 
satisfying the above condition, the frequency of the VCO is 
determined by the sum of the capacitances of the varactors 
Var-1 and Var-2. The varactor Var-2 is manufactured such that 
it has a capacitance of a constant value (minimum value) at 
the Vc_t1 voltage level. Therefore, in the t1 section, the fre 
quency of the VCO is actually determined by the variable 
capacitance of the varactor Var-1. 

t2 Section 
First, the control voltage in t2 section is denoted by Vc_t2. 

Then, it is assumed that the voltage relationship satis?es 
Vc_t1<Vc_t2 and the variable capacitances of the varactors 
Var-1 and Var-2 nonlinearly increase in the t2 section. In the 
t2 section satisfying the above condition, the frequency of the 
VCO is determined by the sum of the capacitances of the 
varactors Var-1 and Var-2. As compared With the t1 section, 
the capacitance of the varactor Var-1 is nonlinearly varied, 
thereby reducing an increase rate thereof. The increase rate of 
the capacitance loWer than that of the t1 section as above is 
compensated by the capacitance of the varactor Var-2. 

For better understanding, When the increase rate of the 
variable capacitance of the varactor Var-1 in the t1 section is 
‘ l ’, and the increase rates of the variable capacitances of the 
varactors Var-1 and Var-2 in the t2 section are ‘0.5’ respec 
tively, a total increase rate of the variable capacitances in the 
t2 section is ‘l(0.5+0.5)’. As a result, the linearity of the 
variable capacitance can be maintained in the t2 section, as in 
the t1 section. 

t3 Section 
First, the control voltage in t3 section is denoted by Vc_t3. 

Then, it is assumed that the voltage relationship satis?es 
‘Vc-2<Vc_t3:Vc-2’, the varactor Var-1 has a capacitance of 
a constant value (maximum value), and the variable capaci 
tance of the varactorVar-2 linearly increases in the t3 section. 
In the t3 section satisfying the above condition, the frequency 
of the VCO is determined by the sum of the capacitances of 
the varactors Var-1 and Var-2. Here, the varactor Var-1 is 
manufactured such that it has a capacitance of a constant 
value (maximum value) at Vc_t3 voltage level. Therefore, an 
increase rate of the capacitance is ‘0’. HoWever, an increase 
rate of the variable capacitance of the varactor Var-2 is ‘l’, 
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Which has linearity. Therefore, the increase rate of the vari 
able capacitances in the t3 section is actually ‘1’, so that the 
linearity is maintained. As a result, the VCO frequency in the 
t3 section has linearity. 
As described above, the VCO frequency continuously has 

linearity in the t1 to t3 sections. Although not explained, the 
VCO frequency also maintains linearity in t4 to t7 sections. 

In order to obtain the VCO frequency With continuous 
linearity by connecting the plurality of varactors Var-1, Var-2, 
Var-3, . . . , Var-n in parallel, the variations of the variable 

capacitances betWeen the varactors Var-1, Var-2, Var-3, . . . , 

Var-n With respect to the control voltage Vc should be taken 
into consideration. 
As explained in detail through the t1 to t3 sections shoWn in 

FIG. 5, the varactors Var-1, Var-2, Var-3, . . . ,Var-n have the 
same variable capacitance characteristics (see FIG. 3), but 
should have different variable capacitances With respect to the 
same control voltage Vc. That is, the varactors must be manu 
factured such that the variable capacitance characteristic of 
the varactor Var-1 With respect to the control voltage Vc 
varied in the t1 to t4 sections is identical to that of the varactor 
Var-2 With respect to the control voltage Vc varied in the t4 to 
t7 sections, Wherein since the capacitance is constantly main 
tained at a maximum value after t4 section, it Will not be 
described here. 

For example, When the control voltage Vc is 0 to 1V in the 
t1 section, 1 to 2V in the t2 section, and 2 to 3V in the t3 
section, if the varactor Var-1 Was manufactured such that its 
capacitance is 0 to 1 F in the t1 section, 1 to 1.5 F in the t2 
section, and 1.5 F in the t3 section, the varactorVar-2 must be 
manufactured such that it capacitance is 0 F in the t1 section, 
0 to 0.5 F in the t2 section, and 0.5 to 1.5 F in the t3 section. 
As a result, the varactors Var-1, Var-2, Var-3, . . . , Var-n are 

manufactured so that the increase rates of the variable capaci 
tances in each section can be ‘1’, namely, have linearity. 
As mentioned above, the method of diversifying the vari 

able capacitance characteristics of the varactors Var-1, Var-2, 
Var-3, . . . ,Var-n With respect to the variation of the control 
voltage Vc can be embodied by a manufacturing process. One 
example is a method of controlling a substrate or channel 
doping concentration. In other Words, different variable 
capacitance characteristics can be embodied With respect to 
the variation of the control voltage Vc by applying different 
process conditions to the varactors Var-1, Var-2, Var-3, . . . , 

Var-n, respectively. 
MeanWhile, only the MOS varactor has been illustrated in 

the above embodiment. HoWever, the present invention is also 
applicable to a junction varactor. The junction varactor and 
the MOS varactor can vary the frequency Within the control 
voltage range according to an applied manufacturing process, 
thereby making it possible to vary the frequency in a remark 
ably broad range. Even if the variable ‘n’ used in FIGS. 4 and 
5 is about 2 to 3 only, the linear variable frequency charac 
teristic can be attained. 

As discussed earlier, the present invention has the folloW 
ing advantages. 

First, in accordance With the present invention, a plurality 
of varactors having different capacitances With respect to a 
control voltage Within the Whole control voltage range are 
connected in parallel to implement a variable capacitor cir 
cuit, thereby obtaining a variable capacitance having linearity 
Within the Whole control voltage range. 

Second, in accordance With the present invention, the vari 
able capacitor circuit having linearity can be applied to a 
resonant circuit, thereby obtaining a resonant frequency hav 
ing linearity Within the Whole control voltage range. 
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6 
Third, in accordance With the present invention, the vari 

able capacitor circuit having linearity can be applied to a 
resonant circuit constituting the VCO, thereby obtaining a 
linear VCO frequency and a constant VCO gain Within the 
Whole control voltage range and in turn improving a noise 
characteristic. 

Furthermore, the VCO having the constant gain can be 
applied to a data recovery, a clock recovery, an RF receiver, an 
RF transmitter, and a frequency synthesizer, so that a device 
characteristic can be improved and a high economical e?i 
ciency can be attained. 
The present application contains subject matter related to 

Korean patent application No. 2006-0072412, ?led With the 
Korean Intellectual Property O?ice on Jul. 31, 2006, the 
entire contents of Which are incorporated herein by reference. 

While the present invention has been described With 
respect to the particular embodiments, it Will be apparent to 
those skilled in the art that various changes and modi?cations 
may be made Without departing from the spirit and scope of 
the invention as de?ned in the folloWing claims. 

What is claimed is: 
1. A variable capacitor circuit, comprising: 
a plurality of variable capacitors being connected in paral 

lel With each other and having different capacitances 
With respect to an input control voltage, 

Wherein the sum of the variable capacitances of the plural 
ity of variable capacitors at a same voltage level of the 
control voltage varied Within the Whole control voltage 
range has linearity, 

Wherein the input control voltage is the only voltage 
applied to control the variable capacitor circuit, 

Wherein each of the plurality of variable capacitors are 
manufactured to have a plurality of capacitances as the 
control voltage Increases along the Whole control volt 
age range, and 

Wherein each of the plurality of variable capacitors are 
manufactured by controlling a doping concentration to 
enable each of the plurality of capacitors to have differ 
ent C/V characteristics. 

2. The variable capacitor circuit as recited in claim 1, 
Wherein the control voltage generating a capacitance With an 
intermediate value of each of the plurality of variable capaci 
tors has different voltage levels Within the Whole control 
voltage range. 

3. The variable capacitor circuit as recited in claim 1, 
Wherein the plurality of variable capacitors have the same 
capacitance characteristic With respect to a variation of the 
control voltage. 

4. The variable capacitor circuit as recited in claim 1, 
Wherein the plurality of variable capacitors have different 
capacitance characteristics With respect to a variation of the 
control voltage. 

5. The variable capacitor circuit as recited in claim 1, 
Wherein each of the plurality of variable capacitors is com 
prised of a junction varactor or a MOS varactor. 

6. A voltage controlled oscillator, comprising: 
a plurality of variable capacitors being connected in paral 

lel With each other and having different capacitances 
With respect to an input control voltage; and 

an inductor connected in parallel With the variable capaci 
tor circuit, 

Wherein the sum of the variable capacitances of the plural 
ity of variable capacitors at a same voltage level of the 
control voltage varied Within the Whole control voltage 
range has linearity, 
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wherein the input control Voltage is the only Voltage 
applied to control the plurality of Variable capacitors of 
the Voltage controlled oscillator, 

Wherein each of the plurality of Variable capacitors are 
manufactured to have a plurality of capacitances as the 
control Voltage increases along the Whole control Volt 
age range, and 

Wherein each of the plurality of Variable capacitors are 
manufactured by controlling a doping concentration to 
enable each of the plurality of capacitors to have differ 
ent C/V characteristics. 

7. The Voltage controlled oscillator as recited in claim 6, 
further comprising an oscillation circuit for amplifying a 
resonant frequency generated by the Variable capacitor circuit 
and the inductor to generate an oscillation frequency. 

10 

8 
8. The Variable capacitor circuit as recited in claim 1 further 

comprises: 
generating the plurality of capacitance for each of the plu 

rality of manufactured Variable capacitors by controlling 
a doping concentration of a channel or substrate for each 
of the plurality of capacitors. 

9. The Voltage controlled oscillator as recited in claim 6 
further comprises: 

generating the plurality of capacitance for each of the plu 
rality of manufactured Variable capacitors by controlling 
a doping concentration of a channel or substrate for each 
of the plurality of capacitors. 


